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Abstract 

A cost-effectiveness analysis was conducted during a 3-year 
randomized controlled clinical trial in a general dental prac- 
tice in the Netherlands in which 230 6-year-old children (± 3 
months) were assigned to either regular dental care, an in- 
creased professional fluoride application (IPFA) programme 
or a non-operative caries treatment and prevention (NOCTP) 
programme. Information on resource use during the 3-year 
period was documented by the dental nurse at every patient 
visit, such as treatment time, travel time and travel distance. 
Caries increment scores (at D 3 MFS level) were used to assess 
effectiveness. Cost calculations were performed using bot- 
tom-up micro-costing. Incremental cost-effectiveness ratios 
(ICERs) were expressed as additional average costs per pre- 
vented DMFS. The ICERs compared with regular dental care 
from a health care system perspective and societal perspec- 
tive were, respectively, EUR 269 and EUR 1,369 per prevent- 
ed DMFS in the IPFA programme, and EUR 30 and EUR 1 00 in 
the NOCTP programme. The largest investments for the 
NOCTP group were made in the first year of the study; they 



decreased in the second and equalled the costs of control 
group in third year of the study. From both medical and eco- 
nomic points of view, the NOCTP strategy may be consid- 
ered the preferred strategy for caries prevention. 

©2014S. KargerAG, Basel 

Health care expenditures related to dental care have 
increased rapidly in recent years. For instance, in the 
Netherlands, the costs of dentistry increased by 10% be- 
tween 2007 and 2010 [Poos et al., 2008; Slobbe et al., 20 1 1 ] . 
In many countries, high and increasing health care expen- 
ditures have raised questions about the amounts of money 
that should be spent on health care, as well as the justifica- 
tions for these amounts. Achieving an optimal allocation 
of scarce societal and health care resources can be sup- 
ported by economic evaluations of health care interven- 
tions. In economic evaluations, the costs of an interven- 
tion are compared to its benefits. Economic evaluations 
can be used to determine the relative efficiency of a new 
intervention compared with one or more alternatives. 

Caries is one of the most prevalent diseases among 
schoolchildren in the Netherlands. In 2005, 56% of 5-year- 
olds experienced one ore more carious lesions in their de- 
ciduous teeth, while 71% of the 17-year-olds had one or 
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more carious lesions in their permanent dentition [Poor- 
terman and Schuller, 2006]. Caries is present, although 
unequally distributed, throughout all socioeconomic 
classes in both developing and developed countries [Pe- 
tersen, 2003; Bagramian et al., 2009]. As a result, a large 
proportion of the total dentistry budget is spent on treat- 
ment of dental caries; in the Netherlands, this share is 60% 
[Slobbe et al., 2011]. In 2007, the health care costs related 
to caries were EUR 1.8 billion. This amount is equal to the 
costs related to coronary heart disease [Poos et al., 2008]. 

Many caries prevention programmes focus on profes- 
sionally performed fluoride applications [Marinho et al., 
2002]. Some programmes focusing on intensified self- 
care have been developed during the past decades [Car- 
valho et al., 1992; Ekstrand et al., 2000; Ekstrand and 
Christiansen, 2005; Hausen et al., 2007] . Considering the 
allocation of scarce (health care) resources, it is important 
to have insight into both the costs and the effects of dif- 
ferent prevention strategies and thus their relative cost- 
effectiveness. Such insight can help communities make 
best use of budgets for oral health. Note that in order to 
make well-balanced decisions, it is important to also con- 
sider the opportunity costs of, for instance, implementing 
new health care interventions. Especially in systems op- 
erating under a fixed health care budget, implementing a 
new intervention may need to be financed by limiting the 
expenditures on other interventions. With open-ended 
financing systems, implementing and reimbursing new, 
costly interventions results in higher total health care ex- 
penditures, which comes at the expense of other public 
and private spending. 

This study aimed to assess the cost-effectiveness of car- 
ies treatment and prevention strategies in the Nether- 
lands. In the Netherlands, a tradition of regular visits to 
the dentist (preventive check-ups) exists. In 2011, ap- 
proximately 82% of 5-year-old children had visited the 
dental practice in the preceding 6 months and 95% in the 
preceding year. For 1 1 -year-old children, the figures were 
89 and 98%, respectively [Schuller et al, 2013]. 

This cost-effectiveness study was performed alongside 
a randomized controlled trial evaluating the effects of two 
caries prevention strategies compared with regular dental 
care among 6-year-olds. This trial included a regular 
treatment and prevention approach (control group), an 
increased professional fluoride application (IPFA) ap- 
proach and a non-operative caries treatment and preven- 
tion (NOCTP) approach based on earlier literature [Car- 
valho et al., 1992; Marinho et al., 2002; Ekstrand and 
Christiansen, 2005]. 



Methods 

Interventions and Participants 

From September 2006 to September 2008, all parents of regular 
patients aged 6.0 years (± 3 months) of a large dental clinic in 's 
Hertogenbosch (a medium-sized city in the Netherlands with ap- 
proximately 150,000 inhabitants) were asked for consent to in- 
clude their child in a randomized controlled trial on caries-preven- 
tive strategies. A total of 230 children were included in this study 
and were randomly assigned to one of the following three groups: 

(1) Control group. This group received standard dental care: 
dental check-ups twice a year, including professional fluoride gel 
applications ( 1 .23% F~) and preventive pit and fissure sealants after 
eruption of the permanent molars, on a routine basis. The thresh- 
old for placing restorations was set at the d3/D3 level. 

(2) IPFA group. Like the control group, the IPFA group re- 
ceived standard dental care but had two additional professional 
fluoride gel applications. Children in this group therefore received 
a total of four professional fluoride applications per year. 

(3) NOCTP group. The NOCTP protocol was copied from a 
study that Ekstrand and Christiansen had performed in Nexo, 
Denmark [2005]. Recall intervals were individualized using crite- 
ria described by Carvalho et al. [ 1 992] : caries activity, oral hygiene, 
eruption stage of permanent molars, and cooperation of child and 
parent. At each visit, areas where plaque removal and fluoride 
toothpaste needed to be more effectively applied were identified 
and instruction was given how to clean these areas. If progression 
of the caries process was controlled, fluoride varnish was applied 
locally. If, at a following visit, there was still no stabilisation or car- 
ies inhibition, the surface was sealed or, if the caries process had 
reached the D3 level, it was restored. 

Data on time and resource use as well as data on effectiveness 
were collected for the 3-year time period of the randomized con- 
trolled trial. The study was approved by the Medical Ethical Com- 
mittee of the Free University of Amsterdam, The Netherlands 
(protocol number NL13709.029.06). 

Costs 

Costs and therefore cost-effectiveness can be calculated from 
both a health care system perspective as well as a societal perspec- 
tive. Adopting a health care system perspective, cost inclusion is 
limited to only medical costs, i.e. the costs of the treatment and 
prevention of caries. Adopting a societal perspective, all relevant 
societal costs are included. Hence, besides medical costs, costs such 
as out-of-pocket expenses (e.g. toothbrushes, toothpaste), travel 
costs to the clinic, travel time and time required to accompany the 
child are then included in the evaluation, regardless of where these 
costs incur [Drummond et al., 2005]. Countries differ regarding 
the prescribed or preferred perspective to take in economic evalu- 
ations. For example, governments in Sweden, Finland, France and 
the Netherlands recommend a societal perspective, while in the 
USA, Germany and the UK a health care system perspective is of- 
ten applied. To gain comparability to other studies and to collect 
information on what the influence of the chosen perspective is in 
this type of study in preventive dentistry, this study was conducted 
from both a health care and a societal perspective. 

Health Care Resource Use and Costs 

Calculations were performed according to the recommenda- 
tions in the Dutch manual for costing [Hakkaart-van Roijen et al., 
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2010; Tan et aL, 2012]. A bottom-up micro-costing approach was 
used to calculate medical costs. Instead of using fixed prices for 
each treatment strategy, cost-prices were determined per individ- 
ual patient based on the number of minutes the dental profession- 
al spent on the patient. At every visit to the dental clinic, the num- 
ber of minutes that the dentist and/or the dental preventive nurse/ 
dental hygienist spent on each patient was documented. 

Cost-prices in this study were based on the actual expenditures 
of the dental clinic. These cost-prices were based on both gross in- 
comes of the dental professionals and a share of the supplemen- 
tary costs of the dental clinic (e.g. costs for materials, housing and 
management). Gross incomes and all other expenditures of the 
dental clinic were divided by the number of 'productive hours' 
(hours spent on patient care) of the dental professionals (dentists, 
oral hygienists and dental nurses). It was assumed that 88.5% of 
working hours were spent on patient care and 11.5% on non-pa- 
tient work, such as training, conference meetings and non-patient 
administrative work. These percentages were based on a survey 
among Dutch dentists in 2010 [Kalf et al., 2010]. The dental clinic's 
costs were divided among the various professionals based on their 
respective gross incomes. In this way, the cost-price per minute 
was calculated to be EUR 2.60 for the dentist, EUR 0.78 for the 
dental hygienist and EUR 0.70 for the dental nurse. To calculate 
the medical costs, the calculated cost-prices per minute were mul- 
tiplied by the number of minutes that the dental professional spent 
on the particular patient. 

Societal Resource Use and Costs 

At every visit to the dental clinic, data on travel time and travel 
distance were collected. Travel costs were calculated based on a 
price of EUR 0.20 per kilometre for both private and public trans- 
portation [Hakkaart-van Roijen et al., 2010]. Time costs of the 
adult accompanying the child consisted of travel time, time with 
the dental professional and an estimated mean waiting time of 
7 min. This waiting time was based on the average waiting time 
reported in the latest survey of the Dutch Consumers Association 
[Nivel/Dutch Consumers Association, 2002] . Waiting time for the 
child itself was not taken into account in the cost calculation. Time 
costs were valued at EUR 12.50 per hour, in line with the Dutch 
health pharmacoeconomic guidelines [Hakkaart-van Roijen et al., 
2010]. 

To correct for the rise of general levels of prices of goods and 
services (inflation) during the experiment, prices were converted 
to 2011 euros. 

Effects 

The outcomes of the clinical trial were used to establish the ef- 
fectiveness of the programmes. Effectiveness was expressed as the 
number of prevented DMFS. DMFS scores were determined based 
on clinical examinations that were carried out by a dentist who was 
blinded to the treatment groups. At baseline and after 3 years, 1 1 
and 10% respectively of the children were re-examined by a second 
blinded dentist. Inter-examiners agreement scores on dmfs/DMFS 
were k = 0.89 and k = 0.91, respectively. Both examiners were not 
involved in the dental care of the children and were not employed 
in the dental practice. Due to medical-ethical objections, no radio- 
graphs were taken for the purpose of this study. As a result, caries 
was only clinically assessed. Caries was scored at the D3 level (car- 
ies into dentin). 



Discounting 

In economic evaluations, costs and benefits occurring at differ- 
ent points in time are weighted differently. An important rationale 
for this is time preference: the human tendency to prefer to enjoy 
benefits as soon as possible and to postpone costs as long as pos- 
sible. In order to correct for this time preference, values in the fu- 
ture are devalued, commonly by a constant annual percentage. The 
more distant costs and effects are in time, the more they are dis- 
counted and, hence, the less weight they receive in current deci- 
sions [Bonneux and Birnie, 2001; Brouwer et al., 2005]. The dis- 
count percentages used are not equal worldwide and are a topic of 
much debate [Claxton et al., 2011]. In this study we followed the 
Dutch pharmacoeconomic guidelines applying 4% for costs and 
1.5% for effects in the second and third year, while costs and ben- 
efits in the first year were not discounted [College voor Zorgver- 
zekeringen, 2006]. Discounting may seem a rather technical pro- 
cedure, but it can have considerable impact on the cost-effective- 
ness outcomes, certainly in preventive health care which typically 
involves current costs and future benefits. To identify the possible 
effect of discounting in this specific situation, both discounted and 
undiscounted data are presented. 

Cost-Effectiveness 

Incremental cost-effectiveness was expressed as the additional 
average costs per prevented DMFS. The incremental cost-effec- 
tiveness ratio (ICER) was calculated by dividing the differences in 
costs between the experimental group and the control group by the 
differences in effects. Two ICERs were calculated: IPFA compared 
with regular care and NOCTP compared with regular care. 

ICER (Experimental group costs — Control group costs) 
(Experimental group DMFS — Control group DMFS) 



Sensitivity and Scenario Analyses 

Univariate sensitivity analysis was conducted to assess the im- 
pact of labour costs on the study results. In the base case analyses, 
the salaries for a dentist, a dental hygienist and a dental assistant 
were EUR 75,000, 30,000 and 25,000 per full-time equivalent 
(FTE), respectively. Varying the dentists' salaries from EUR 45,000 
to EUR 100,000, the dental hygienists' salaries from EUR 25,000 to 
EUR 45,000 and the dental assistants' salaries from EUR 20,000 to 
EUR 35,000 resulted in cost-prices per minute of EUR 1.70 and 
3.03 for a dentist, EUR 0.67 and 1 .08 for a dental hygienist and EUR 
0.66 and 0.95 for a dental assistant. 

Task delegation and task reallocation have become increasing- 
ly relevant in both medicine and dentistry [Horrocks et al., 2002; 
Jerkovic et al., 20 10] . With these changes the field of work for den- 
tists would focus on restorative treatment, endodontic treatment 
and provision of fixed and removable prosthetic care, while the 
field of work of dental hygienists would broaden and their work- 
load would increase. Such a scenario seems applicable for the two 
interventions studied. Hence, we investigated the impact on cost- 
effectiveness of a scenario in which all preventive visits would be 
performed by a dental hygienist instead of the dentist, to gain com- 
parability with other studies. In doing so, for the cost-price calcu- 
lations, an assumption was made that the workload for dental hy- 
gienists in the clinic would have increased from 4.0 to 5.3 FTE and 
dentists' workload would have decreased from 5.3 to 4.0 FTE. 
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Therefore, the dental clinic's costs and the allocation of these costs 
to the dental professionals would change, resulting in a cost-price 
per minute increase from EUR 0.78 to EUR 0.81 for a dental hy- 
gienist and a cost-price per minute increase from EUR 2.60 to EUR 
2.69 for a dentist. 

Statistical Analysis and Missing Data 

All randomized patients (whose DMFS scores had been deter- 
mined at baseline by the dentists) were included in the economic 
evaluation. Multiple imputation was used to account for missing 
data regarding health care use, travel time and DMFS after 3 years. 
Each missing value was replaced with predicted values based on 
health care use, travel time and DMFS outcomes of patients from 
the same treatment group with similar characteristics (DMFS at 
baseline and socioeconomic status). This process was performed 
five times to account for the uncertainty caused by estimating 
missing data. Each imputed data set was analysed separately and 
the results were averaged. Non-parametric bootstrapping [Camp- 
bell and Torgerson, 1999] was used to address the uncertainty as- 
sociated with the fact that the data that were collected for the mea- 
sures of incremental costs and effects were based on a sample of 
the population. To construct confidence intervals around the dif- 
ferences in mean costs and effects between the caries prevention 
strategies, 10,000 random samples were drawn from the data. The 
difference in costs and effects of these 10,000 samples were dis- 
played in cost-effectiveness planes in scatterplots where each point 
in the cloud represents the outcomes of one of the randomly drawn 
samples. Moreover, the bootstrap results were presented in cost- 
effectiveness acceptability curves. The curves indicate the proba- 
bility (placed on the y-axis) of the IPFA or the NOCTP strategy 
being cost-effective at different willingness to pay values (placed 
on the x-axis) for one prevented DMFS. 

Data were analysed with Stata SE 12.1 and SPSS 21. 



Results 

Patients 

A total of 230 children started this trial at the age of 6 
years. As shown in figure 1, at the age of 9 years, 179 chil- 
dren had completed the 3-year trial: 63 in the regular den- 
tal care programme, 62 in the IPFA programme and 54 in 
the NOCTP programme. Dropout rates were highest in the 
NOCTP group (32%) versus 20% in the IPFA group and 
15% in the control group. In the NOCTP group, the main 
reason for ending participation was the burden of travel; 
in the IPFA group and the control group, the main reason 
was the inconvenience for the child (gagging because of the 
fluoride gel-filled trays). The baseline DMFS scores of chil- 
dren dropping out of the study (0.11 ± 0.50) did not sig- 
nificantly differ from the baseline DMFS scores of children 
who did not drop out (0.05 + 0.25) (F = 2.15; p = 0.15). For 
deciduous dentition this difference was not significant ei- 
ther: 6.81 ± 9.16 vs. 5.54 ± 8.01 (F = 0.97; p = 0.33). 



Table 1 . Resource use 



Year 1 Year 2 Year 3 Total 



Mean contact time dentist, min 



NOCTP 


14 


11 


9 


34 


IPFA 


14 


13 


12 


39 


Control 


11 


10 


10 


30 


Mean additional contact 


time dental auxOiaries, 


min 




NOCTP 


1 


1 





3 


IPFA 


14 


13 


13 


39 


Control 


6 


7 


7 


20 


Mean number of visits to 


dental clinic 








NOCTP 


3.2 


2.5 


2.0 


7.7 


IPFA 


3.9 


3.7 


3.5 


11.2 


Control 


2.5 


2.4 


2.3 


7.1 


Mean total accompanying 


I time, min 1 








NOCTP 


38 


30 


23 


91 


IPFA 


55 


52 


50 


156 


Control 


34 


33 


32 


99 



1 Including travel time, contact time in clinic and waiting time 
(estimated at 7 min/visit). 



Resource Use 

Table 1 shows the direct medical and non-medical 
cost-related variables. Mean total dental professional's 
contact time and this contact time stratified according to 
profession (dentist or dental hygienist/ dental preventive 
nurse) is presented. In the first year, the dentist's contact 
time for children in the NOCTP group was almost 25% 
higher than that of children in the control group. The 
mean number of minutes of contact at the dental auxilia- 
ries, however, was almost 17% of that in the control group. 
In the third year, contact time with dentists as well as with 
dental auxiliaries was less than in the control group. Sim- 
ilarly, in the first year travel time was higher in the NOCTP 
group than in the control group, but in the third year 
travel time was equal in both groups. Contact time and 
accompanying time in the IPFA group was approximate- 
ly 56 and 66% higher than in the control group, respec- 
tively. Also, the mean numbers of visits and distance trav- 
elled (in kilometres) were higher in the IPFA group (79 
and 61%) than in the regular care group. 

In table 2, both discounted and undiscounted cost out- 
comes are presented from a health care system perspec- 
tive and a societal perspective for the total period of 3 
years. Mean discounted total health care costs were EUR 
90 for the NOCTP group, EUR 120 for the IPFA group 
and EUR 85 for the control group. The total discounted 
societal costs (parental investments in terms of accompa- 
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Fig. 1. Flowchart of participation in the 
study. 
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Table 2. Mean costs per regimen (2011 euros) 



Year 1 



Year 2 



Year 3 



Total 1 

discount rate 0% 



discount rate 4% 



Health care costs 



NOCTP 


38 


30 


23 


94 (88-100) 


90 (85-97) 


IPFA 


45 


42 


41 


125 (117-133) 


120 (113-128) 


Control 


32 


31 


30 


88 (83-95) 


85 (79-91) 


Time and travel costs 












NOCTP 


98 


77 


60 


235 (217-253) 


227 (210-245) 


IPFA 


131 


124 


120 


369 (347-390) 


356 (334-375) 


Control 


82 


79 


76 


222 (204-239) 


213 (196-230) 


Total costs 












NOCTP 


137 


107 


84 


329 (308-351) 


318 (297-340) 


IPFA 


176 


166 


160 


494 (468-519) 


476 (451-500) 


Control 


114 


110 


106 


310 (330-290) 


298 (279-317) 



Figures in parentheses are 95% confidence intervals. 1 Bootstrapped imputed means. 



nying time, travel time and travel costs) were EUR 227, 
356 and 213, respectively. 

Effectiveness 

The discounted and undiscounted caries increment 
scores of the three groups are presented in table 3. Com- 



pared to the control group, the IPFA group had on aver- 
age 0.14 lower DMFS increment scores and the NOCTP 
group had on average 0.20 lower DMFS increment scores 
3 years after the start of the trial. 
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Incremental Cost-Effectiveness 

From a health care system perspective, the ICER (aver- 
age costs of preventing one DMFS) of the IPFA group 
compared with regular care was EUR 269 per additional 
prevented DMFS, and from the societal perspective, the 
ICER was EUR 1,369 (table 4). The ICERs of the NOCTP 
group compared with regular care were EUR 30 from the 
health care system perspective and EUR 100 from the so- 
cietal perspective. 

Sensitivity and Scenario Analysis 

Table 5 shows that varying the salary of the dentist 
would result in large differences in ICER values (societal 
perspective) between EUR 62 and 81 per extra prevented 
DMFS in the NOCTP group and between EUR 1,255 and 
1,382 per extra prevented DMFS in the IPFA group. From 
a societal perspective, in the scenario that the dental hy- 
gienist would have performed the intervention, the 
NOCTP strategy dominated regular care (i.e. it resulted 
in lower costs and lower DMFS scores). The ICER was 
EUR 726 for IPFA compared with regular care. 

Uncertainty 

The results of bootstrapping (10,000 bootstraps) are 
presented in figure 2 for both experimental groups and 
for both the health care and the societal perspective. For 
the NOCTP group, approximately 85% of the boot- 
strapped replications are located in the east quadrants of 
the cost-effectiveness graph, indicating an increase in 
prevented DMFS compared to the regular care group; for 
the IPFA group, approximately 70% are located in these 
quadrants. About half of the bootstrap replicates for the 
NOCTP group are above and about half are below the 
horizontal axis; this indicates that the costs for the NOCTP 
group could either be lower or higher than the costs for 
regular dental care. For the IPFA strategy, all bootstraps 
indicate an increase in costs compared to regular care. 

The cost- effectiveness acceptability curves are pre- 
sented in figure 3. These curves indicate the probability 
of the IPFA approach or the NOCTP strategy being cost- 
effective at different willingness to pay values for a pre- 
vented DMFS. As figure 3 shows, considering a societal 
willingness to pay of EUR 100 on average in 3 years for 
an additional prevented DMFS, the probability of the 
NOCTP strategy being considered cost-effective from a 
health care system perspective is approximately 85% and 
the probability of the IPFA strategy being cost-effective is 
approximately 9% and respectively 51 and 0% from a so- 
cietal perspective. 



Table 3. Discounted and undiscounted effects 



Caries scores at baseline (DMFS 6 years) 

Control 0.02 

NOCTP 0.06 

IPFA 0.05 

Caries scores after 3 years (DMFS 9 years) 

Control 0.57 

NOCTP 0.41 

IPFA 0.47 

Caries increment (ADMFS), discount rate 0% 

Control 0.55 

NOCTP 0.35 

IPFA 0.42 

Caries increment (ADMFS), discount rate 1.5% 

Control 0.54 

NOCTP 0.34 

IPFA 0.40 



Table 4. ICERs 



Health care system Societal perspective, 

perspective, discounting discounting 

0% 4% costs 0% 4% costs 

1.5% effects 1.5% effects 



NOCTP vs. control 



A costs 


5 


6 


19 


20 


A effects 


0.21 


0.20 


0.21 


0.20 


ICER 


24 


30 


90 


100 


IPFA vs. control 










A costs 


37 


35 


184 


178 


A effects 


0.14 


0.13 


0.14 


0.13 


ICER 


265 


269 


1,314 


1,369 



Table 5. ICERs sensitivity and scenario analyses 



Intervention Salary dentist Salary dentist Intervention 

EUR 45,000 EUR 100,000 performed by 

dental hygienist, 
salary EUR 30,000 

Health care system perspective 

NOCTP dominant EUR 18 dominant 

vs. control 

Societal perspective 

NOCTP EUR 62 EUR 81 dominant 

Health care system perspective 

IPFA EUR 198 EUR 325 dominant 

vs. control 

Societal perspective 

IPFA EUR 1,255 EUR 1,382 EUR 726 
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Fig. 2. Cost Effectiveness Plane 10,000 bootstrap replicates of costs and effects for NOCTP and IPFA compared to the control group in 
both health care system perspective and societal perspective. 
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Fig. 3. Acceptability curve: probability of number of bootstraps be- 
ing cost-effective at different willingness to pay values (in EUR). 



Discussion 

In this study, the NOCTP strategy, based on intensified 
and individualized parental homecare, was more effective 
but more costly than regular caries prevention comprising 
two dental preventive visits a year, professional fluoride 
application and sealing of newly erupted permanent mo- 
lars. The additional health care cost to prevent one DMFS 
was EUR 30. If the societal perspective was adopted, the 
additional cost was EUR 100. An alternative approach 
comprising the control strategy with additional profes- 
sional fluoride applications (IPFA) was also somewhat 
more effective than regular care. The costs of this ap- 
proach were, however, higher than the costs of the NOCTP 
strategy. The ICERs for IPFA compared with regular care 
were EUR 269 (health care system perspective) and EUR 
1,369 (societal perspective) per prevented DMFS. 

In the NOCTP group, the largest investments in terms 
of health care costs were made in the first year of the trial 
(EUR 38 in the first year, EUR 30 in the second year and 
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EUR 23 in the third year). This is in line with the results 
found in an economic evaluation of an individually de- 
signed, patient-centred regimen for caries control per- 
formed in Finland [Hietasalo et al., 2009]. In both studies, 
the costs of the experimental group dropped below the 
costs of regular care in the third year. In Hietasalo et al.'s 
study [2009] the ICER was EUR 34 per prevented DMFS 
from a health care system perspective, which is compa- 
rable to our findings. A difference between both studies is 
that in the Finnish study, a major part of the protocol was 
conducted by dental hygienists. In the scenario analysis in 
the current study (where it was assumed that the pro- 
gramme was performed by dental hygienists), the NOCTP 
strategy was dominant when compared with regular care 
(i.e. resulted in lower costs and lower DMFS scores). 

The NOCTP strategy indicated an increase in costs for 
the parents of EUR 14 over 3 years. In this study, the extra 
medical costs were covered by health insurance and there- 
fore not directly paid for by the parent. Although the pa- 
rental investment in terms of travel time, accompanying 
time and number of visits did not differ significantly in 
this study in the third year, there were notable differences 
in the first year. The fact that extra efforts of the parents 
are expected in the first year may hamper implementa- 
tion of and adherence to the NOCTP regimen. A propor- 
tion of the parents indicated the burden of travelling/sac- 
rificing spare time as a reason to quit participation. This 
emphasises this possible barrier in successfully imple- 
menting the NOCTP programme. Compliance may be 
increased if parents and children are informed of all ben- 
efits and disadvantages in advance. Therefore, if one 
wishes to implement the NOCTP strategy, it will be im- 
portant to comprehensively introduce the protocol to 
parents and to emphasise that the increased demand on 
parents will, in most cases, be temporary. 

Several limitations of our study need noticing. First, all 
calculations were based on the results of a relatively small 
research population (n = 230). Second, the follow-up time 
was relatively short to capture the effects of different caries 
prevention strategies. Third, the dropout rate of 22% can 
be considered as quite high. Although this percentage is 
comparable to those of other clinical trials in dentistry 
[Machiulskiene et al., 2002; Carvalho et al, 2010], the 
dropouts were not equally distributed among the treat- 
ment regimens. The reasons for withdrawal differed be- 
tween the groups: in the NOCTP group, the main reason 
was the burden of travelling and insecurity on the validity 
of the programme, while in the IPFA group, the most re- 
ported reason was a perceived inconvenience for the child 
(e.g. tray with fluoride gel). In the control group, with- 



drawal was found to be lowest, probably because this was 
regular care which parents were used to. This may indicate 
that the IPFA and the NOCTP programme are (consid- 
ered to be) more burdensome than regular care. More- 
over, this raises the question of whether the subjects who 
remained in the study were a selective group; the most 
engaged parents may have been more likely to follow 
through with the regimen. Fourth, we replaced missing 
values (with multiple imputation) based on outcome mea- 
sures of respondents of the same treatment group with 
similar characteristics. This may have resulted in bias in 
favour of the NOCTP and the IPFA group. A fifth limita- 
tion of our study is that our cost-effectiveness outcomes 
(as is commonly done in economic evaluations) are inter- 
preted as if the marginal value of health benefits and the 
costs to gain them are constant. In other words, the soci- 
etal value per prevented DMFS is held constant, regardless 
of how many DMFS would be prevented by implementing 
the NOCTP strategy. The same applies to the marginal 
costs of preventing one DMFS. In reality, both quantities 
may fluctuate between contexts and over time. 

Our results indicate that in a 3-year time period, the 
NOCTP strategy is more expensive than regular care. 
However, the NOCTP strategy may turn out to be cost- 
saving when it is applied over a longer period of time. In 
theory, delaying or preventing the start of the restorative 
cycle could result in considerable savings in future ex- 
penses on caries treatment. The lifetime economic impact 
of dental fillings was assessed by Anderson [2001] at ap- 
proximately USD 1,800 per decayed tooth (USD 1,800 in 
1997 is converted to approximately EUR 2,425 in 2012). 
Whether such savings will also be achieved in practice is 
difficult to predict, as it depends on several factors, for 
instance on the market behaviour of dental professionals. 
When faced with reduced income levels due to less caries 
treatment, the use of other dental care may be promoted 
(or, if possible, prices increased), hence restoring income 
levels (and expenditures) [Chandra et al., 2012]. 

Whether the findings of this study, based on a 3 -year 
time period, imply that the NOCTP strategy can be con- 
sidered cost-effective compared to regular care crucially 
depends on how much society is willing to pay for one 
extra prevented DMFS. If this willingness to pay exceeds 
about EUR 100, the probability of NOCTP being expected 
to be cost-effective exceeds 51% seen from a societal per- 
spective and 85%, from a health care system perspective 
(fig. 2). To date, knowledge regarding the relationship be- 
tween willingness to pay for (preventive) dental care and 
oral health outcomes is limited. However, a recent study 
on willingness to invest among parents of 6-year-old chil- 
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dren in the Netherlands reported an average total willing- 
ness to pay of EUR 3 1 per month to keep their children's 
teeth healthy until the age of 18 [Vermaire et al., 2012]. 
Obviously, this does not straightforwardly translate into 
the value of one avoided DMFS. In fact, on an individual 
level it is not directly possible to 'buy' one prevented 
DMFS. It is merely possible to 'buy' a reduction of the 
probability of a DMFS occurring. Therefore, it would be 
interesting to find out how much parents (and society at 
large) are willing to pay for reducing children's chances of 
developing a DMFS. Parents' willingness to invest time 
should be considered as well. 

Moreover, in general it is important to realize that de- 
cision-making (both on the individual and on the societal 
level) involves opportunity costs. Resources spent on this 
intervention cannot be spent on other goods or services 
within or outside the health care sector. In willingness to 
pay studies taking an individual perspective, these oppor- 
tunity costs can be considered taken into account by the 
given budget constraints (e.g. personal income). In other 
words, when respondents state their willingness to pay, it 
may be assumed that they are aware of the fact that pur- 
chasing one good implicitly means sacrificing some other 
good. The same obviously holds for decisions made by 
other decision-making bodies (e.g. governments), al- 
though the opportunity costs in those cases maybe more 
abstract and potentially more easily ignored. 

In this study, dentists performed the intervention in 
the NOCTP group. However, it may also be possible to 
introduce this intervention executed by dental hygienists. 
Therefore we investigated the impact on cost-effective- 
ness in the hypothetical situation that all preventive visits 
were performed by a dental hygienist instead of the den- 
tist. The results of the scenario analysis imply that from a 
cost perspective, it may be favourable to have all preven- 
tive visits performed by a dental hygienist. Note that in 
this scenario it was assumed that the effectiveness of the 
programme is identical, irrespective of whether a dentist 
or a dental hygienist performs the programme. With the 
prevention of dental diseases being their core business, 
dental hygienists potentially may accomplish even higher 
efficacy and effectiveness of their preventive efforts. Both 
positive and negative results on these outcomes have been 
reported [Berndsen et al., 1993; Ohrn et al., 1996; Peters- 
son and Brathall, 2000; Ohrn et al., 2008]. 

To date, little scientific attention has been paid to the 
cost-effectiveness of dental care, and economic evalua- 
tions in preventive dentistry are scarce. We encourage 
further research in this area. It would be interesting to 
investigate the (cost-)effectiveness of NOCTP in other 



age groups as well as in other dental settings, e.g. to ex- 
amine the effects when all preventive visits were to be 
performed by a dental hygienist. It is important to em- 
phasise that although cost-effectiveness studies form an 
important source of information for decision-makers, 
other aspects besides value for money may be relevant 
as well. This may pertain for instance to equity consid- 
erations, i.e. the wish to have a fair distribution of health 
over the population. Decision-makers moreover have to 
deal with affordability of health care. The budget impact 
of implementing the NOCTP strategy is therefore rele- 
vant. Studying the budget impact of implementing 
NOCTP strategies as well as other dental care interven- 
tions therefore remains important, preferably also in re- 
lation to opportunity costs within the health care sector. 
Furthermore, more research on willingness to pay for 
dental care (outcomes) is needed to enhance interpreta- 
tions of cost-effectiveness outcomes in dental care. Fur- 
ther health economic studies in dental care, including 
ones that can bridge the gap to more generic health out- 
come measures (for example further studying the diffi- 
culties of use of quality-adjusted life years in dental 
care), would increase the comparability of the cost-ef- 
fectiveness of dental care with other types of health care. 
Even if the impact of having a carious tooth on the gen- 
eral quality of life is limited on an individual level, the 
total societal impact may still be considerable because of 
the very high prevalence. 

Conclusion 

The NOCTP regimen was more effective and more 
costly than regular dental care. Based on the limited avail- 
able amount of evidence regarding the willingness to pay 
for dental care, the benefits seem to outweigh the addi- 
tional costs, implying that this is a cost-effective strategy. 
Increasing the number of professional fluoride applica- 
tions resulted in a slight reduction of caries increment, 
but at higher costs than the NOCTP strategy. The results 
of this study confirm the findings in previous research. 
Therefore, implementing NOCTP on a larger scale should 
be considered. 
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